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308a Monday, February 17, 2014the downstream domains that lead into the transmembrane helix. To address
this issue, we have combined multiscale molecular dynamics (MD) simulations
with biophysical assays to study the extracellular region of EphA2 upstream of
the transmembrane helix, the fibronectin domain 2 (FN2). A number of novel
insights emerged: (i) the FN2 domain can interact with the membrane, (ii) this
domain preferentially interacts with anionic lipids, (iii) this preference is main-
tained through a positively charged surface of the protein, including K441 and
R443. The study allows us, for the first time, to combine the recently emerged
X-ray crystallography with NMR models of the transmembrane region. We
present a full atomistic model of an Eph signalling cluster (extracellular regions
and transmembrane regions) assembled at a model cell membrane composed of
a lipid mixture. This work is a significant step in understanding the formation of
Eph signalling clusters and paves the way towards understanding the assembly
of full length Eph receptor platforms at the surface of cells.
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DiC14-amidine is a cationic lipid which induces pro-inflammatory cytokine
secretion in immune cells upon interaction with the Toll-like receptor 4
(TLR4)/Myeloid Differentiation factor-2 (MD-2) membrane bound-complex,
the natural sensor of bacterial lipopolysaccharides (LPS) [1-3].
The aim of the present work is to characterize the interaction between diC14-
amidine and the TLR4/MD2 receptor complex. Taking advantage of the
species-dependent activity of TLR4 agonists [4], we compared the TLR4
agonist activity of diC14-amidine in four different species in order to map do-
mains in TLR4 and MD2 that are important for diC14-amidine TLR4-agonist
activity. We demonstrate that, while LPS is an agonist in all species, diC14-
amidine is a full agonist for human, mouse and cat receptors, but a poor agonist
for horse. Using chimeric constructs made from human and horse TLR4 and
single mutants, we identify two regions in the human TLR4 that modulates
the agonist activity of diC14-amidine. Interestingly, these regions in TLR4
are different from the previously identified bacterial lipopolysaccharides bind-
ing domains [5]. How ligand binding to two different regions of the same recep-
tor affects the cellular pathways is currently under investigation.
[1] Tanaka, T. et al. (2008) Eur.J.Immunol. 38: 1351-1357.
[2] Lonez, C. Et al. (2008) Prog Lipid Res. 47:340-7.
[3] Lonez, C; et al. (2012) Adv Drug Deliv Rev. 64:1749-58.
[4] Walsh, C. et al. (2008) J.Immunol. 181: 1245-1254.
[5] Park, B. S. et al. (2009) Nature 458: 1191-1195.
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Unregulated activation of kinases leads to aberrant signaling, uncontrolled
growth, and differentiation of cancerous cells. Reaching a complete mecha-
nistic understanding of the large scale conformational transformations underly-
ing the activation of kinases could greatly help in the development of
therapeutic drugs for the treatment of these pathologies. In princi- ple, the na-
ture of conformational transition could be modeled by in silico via atomistic
molecular dynamics simulations, although this is very challenging due to the
long timescales (100s of ms) associated with activation. In this study, we
employ a computational paradigm that cou-
ples transition pathway generation tech-
niques and Markov State Model (MSM)
based massively (total simulation time of
~3 milliseconds) distributed simulations
for mapping the conformational landscape
of several key tyrosine kinases. The com-
putations provide the thermodynamics and
kinetics of kinase activation for the first
time, and help identify key intermediates
along the activation pathway. Furthermore,
the presence of a novel allosteric sites in an
intermediate states of kinases that could be
potentially utilized for drug design is
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Opioid receptors are classical pharmacological targets and the object of intense
research towards improved analgesics with reduced side effects. High-
resolution X-ray crystal structures of all four opioid receptor subtypes - the
mu (MOP), kappa (KOP), delta (DOP), and nociceptin (NOP) opioid receptors -
have recently provided direct information about the molecular determinants of
opioid binding affinity. Yet, little information is available about the kinetics of
opioid-receptor binding, which may be as important as, or even more important
than, affinity for the rational design of efficacious opioid-based therapeutics.
By accelerating transitions between low-energy states, enhanced molecular dy-
namics techniques are especially suited to gain atomic-level insight into opioid
receptor recognition and binding. Here, we used multiple-walker well-
tempered metadynamics to investigate the binding of classical opioid receptor
ligands to the mouse MOP receptor. We find that the first interaction between
the ligand and MOP involves residue D218 in the extracellular loop 2 and res-
idues of transmembrane (TM) helix 2. Analysis of the lowest-energy binding
pathways reveals an additional intermediate metastable state in which the
ligand positions itself in a region that is partially occupied by JDTic in the cor-
responding KOP crystal structure, forming interactions with residues in TM2
and TM3.
We used the free-energies resulting from our simulations to derive estimates of
binding affinity and transition rates along the characterized opioid binding
pathways, as well as ligand on- and off-rates. Given the reasonable agreement
between the calculated estimates and published experimental values, and the
provided powerful insights into molecular determinants of opioid-receptor
binding kinetics, these types of simulation hold great promise for the rational
design of opioids with desired binding kinetics.
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There has been a great need for computational prediction of G-protein coupled
receptor (GPCR) structures, especially those in their active states, in order to
assist drug discovery. However, the active state conformation prediction is
challenging not only because of the lack of homology templates derived
from the existing active state X-ray structures, but also because of the high
energy nature of the active conformations. In addition, experimental evidence
suggests that a GPCR can have many different active states, but the existing
several crystal structures usually only capture one of those states for each
GPCR. Here we present a method to make the GPCR active state structural
prediction possible, and our method can discover a number of active states
for each GPCR. Instead of the traditional homology modeling, we used a tem-
plate from mixed sources and sampled a discrete set of orientations of the
seven transmembrane helices of the GPCR to locate structures that are likely
to be in the active-state valley on the energy surface. Next, we did a local
conformational sampling to find structures at the local minima of the
active-state potential energy valleys. We have benchmarked the method
with human b2 adrenergic receptor, which has both its active and inactive
state structures crystalized. Then we applied the method on a GPCR with un-
known structure, the human somatostatin receptor subtype 5 (hSSTR5). Dock-
ing of agonists and antagonists to the predicted active and inactive state
structures of hSSTR5 gave the expected result that antagonists favor the inac-
tive state structures, while the agonists could not distinguish the inactive and
active state structures without the presence of G proteins. In the end, we were
able to build a model picture of hSSTR5 function consistent with experi-
mental findings.
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Plexins are transmembrane receptors that receive guidance cues (such as bind-
ing of Semaphorin ligands) and are activated by them, functioning in cell
migration processes in neuronal and cardiovascular development, but also in
cancer metastasis. Plexins are unique, as they are the first example of a receptor
that interacts directly with small GTPases, a family of proteins that are essential
for cell motility and proliferation/survival. We previously determined the
Monday, February 17, 2014 309astructure of the Rho GTPase binding domain (RBD) of several Plexins and also
of the entire intracellular region of a Plexin-B1 [1]. Using all atom molecular
dynamics we are characterizing how Rho and Ras GTPases influence the dy-
namics of the receptor [2]. Specifically, microsecond molecular dynamics sim-
ulations run on Anton, probe an allosteric network that changes upon plexin-B1
RBD dimerization and Rho GTPase binding. We also built models of the entire
intracellular region, starting from several crystal structures linked to transmem-
brane helices [3], at different lipid membrane bilayers, with and without
GTPases bound. The models and simulations reveal the origin of Ras and
Rho specificity on plexin’s function.
References:
[1] Hota PK, Buck M. (2012) Plexin structures are coming: opportunities for
multilevel investigations of semaphorin guidance receptors, their cell signaling
mechanisms, and functions. Cell Mol Life Sci. 69(22):3765-805.
[2] Zhang L, Bouguet-Bonnet S, Buck M. (2012) Combining NMR and molec-
ular dynamics studies for insights into the allostery of small GTPase-protein in-
teractions. Methods Mol Biol. 796:235-59.
[3] Zhang L, Sodt AJ, Venable RM, Pastor RW, Buck M. (2013) Prediction,
refinement, and persistency of transmembrane helix dimers in lipid bilayers us-
ing implicit and explicit solvent/lipid representations: microsecond molecular
dynamics simulations of ErbB1/B2 and EphA1. Proteins. 81:365-76.
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We created clones that covalently linked a fluorescent protein to PIEZO1 in or-
der to image PIEZO1 on the cell surface. Inserting mCherry1 in internal posi-
tions of the PIEZO1 protein, we found a construct at position 1591 that yielded
a protein whose channel kinetics were nearly identical to wild type. Through
cotransfection, we imaged PIEZO1 (mCherry) and TREK-1 (GFP) on HEK
cells. These two mechanosensitive channels were at the cell surface in
completely different physical domains. PIEZO1 appeared as random clusters
but TREK tended to follow cytoskeleton tracks.
Given the stability of the PEIZO1 protein with a fluorescent group at 1591, we
asked if the PIEZO1 protein could be split at position 1591 and still function.
Fragment 1 (1-1591) was fused to mCherry, and fragment 2 (1592-2520) to
GFP. Co-expression of the two segments showed currents in whole cell
recording, cell-attached patches, and outside-out patches. The biophysical char-
acteristics were nearly identical to the wild type channel, having a reversal po-
tential around 0 mV and voltage dependent inactivation in whole cell and cell
attached mode.
We next asked if either fragment alone was functional. The C-terminal frag-
ment produced mechanosensitive currents in outside-out patches but the N ter-
minal segment (1-1591) did not in any recording mode. We then shortened the
C terminal fragment from its C- and N- termini using the outside-out patches to
screen for current. We obtained mechanosensitive currents from a fragment of
~ 450 amino acids, so the fundamental properties of the giant PIEZO1 channel
are contained in this small fragment. This protein segment appears to contain
the mechanosensor and the gate, and establishes that eight putative transmem-
brane domains are required for pore formation. None of the shortened frag-
ments displayed whole cell currents.
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A fundamental hallmark of diverse organisms from stem cells to bacteria is
asymmetric cell division orchestrated by subcellular protein localization. One
of the simplest organisms to undergo an asymmetric cell division is the
gram-negative bacterium Caulobacter crescentus. Critically, Caulobacter’s
asymmetric cell pole development is coordinated with cell division by a
network of localized two-component systems (TCS). While many of the
signaling players are known, the mechanistic wiring within this network is
poorly understood.
Here we examined the role of how the pseudokinase DivL couples together
two signaling pathways through binding to the response regulator DivK.
We identified point mutations that disrupt DivL-DivK binding, and evaluate
the ability of these DivL mutants to localize to the cell poles. Unexpectedly,
we observed DivL’s sensor domain plays a role in specifically bindingDivK~P over unphosphorylated DivK. As well, we characterize the impact
of the cell cycle histidine kinase CckA upon the DivL-DivK interaction.
Taken together we propose a model for how the pseudo-kinase DivL has
re-wired it’s catalytic HK domain to detect the cytokinesis signal DivK~P
and directly modulate the activity of CckA enabling complex cell-fate deci-
sion making.
Exocytosis and Endocytosis I
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In recent years there has been an enormous interest in using receptor-mediated
endocytosis (RME) for cellular delivery of nanoparticles (NPs). In this
approach, NPs containing a certain load (drug molecules, RNA, etc.) are coated
with appropriate ligands that allows them to get internalized via RME. The
internalized NPs then can be used for various biomedical applications including
imaging, biosensing and targeted drug delivery.
Current theoretical models proposed to explain NP internalization via RME
are based on the hypothesis that the wrapping of a NP is driven by the forma-
tion of bonds between receptors (on cell surface) and ligands (on NP). We
explore an alternative hypothesis: We propose that the wrapping of a NP is
driven by the assembly of a protein coat that forms on the cytoplasmic side
of the cell membrane during RME. Using a simple model of coat assembly
that we proposed earlier (Banerjee et al., Biophys. J. 102, 2725 (2012)) we
study the kinetics of NP internalization. In particular, we calculate how the
wrapping probability and the mean wrapping time depend on the size of a
NP. We compare our results with experimental data and those of other theo-
retical models.
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Long-term changes in synaptic strength, such as those which occur during long-
term depression (LTD) and long-term potentiation (LTP) are thought to under-
lie learning and memory. A key event in both LTP and LTD is the change in the
number of AMPA-type glutamate receptors (AMPARs) expressed at the post-
synaptic membrane, which is accomplished through activity-dependent regula-
tion of receptor exocytosis and endocytosis. The Activity-regulated
cytoskeleton-associated protein, Arc, promotes endocytosis of AMPA type
glutamate receptors and regulates cytoskeletal assembly in neuronal dendrites.
Both of these functions may be mediated by its reported interaction with dyna-
min 2 (Dyn2) (Chowdhury et al., 2006, Neuron 52, 445-459), a large GTPase
that participates in receptor-mediated endocytosis, actin polymerization, and
microtubule stabilization. Here we present evidence that Arc accelerates the
polymerization of Dyn2 and stabilizes Dyn2 polymers against GTP-
dependent disassembly. As a result of this stabilization, Arc prolongs
assembly-dependent GTP hydrolysis catalysed by Dyn2. Arc also prolongs
the high GTPase activity state of Dyn3, an isoform of dynamin implicated in
dendrite remodeling and in stabilization of clathrin-coated pits near the post-
synaptic density, but not that of Dyn1, a neuron-specific isoform involved in
synaptic vesicle recycling. We further show in this study that Arc has a ten-
dency to form large soluble aggregates, which may function as a scaffold for
dynamin assembly and self-activation.
This work was supported by National Institutes of Health grant GM076665
(DMJ)
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Clathrin-mediated endocytosis (CME) is a key metabolic pathway that plays a
central role in the delivery of nutrients and drug carriers into cells. In this work,
we model the interactions of lipid membranes with different types of protein
scaffolds and active forces to provide mechanistic insights into CME.We simu-
late the effect of different proteins on the local stress state of the membrane and
discuss it’s relevance in the context of vesicle formation and scission. We
model the impact of resting tension in a cell and discuss its consequences on
the minimal protein machinery needed to complete the process. We present
